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ABSTRACTS  Alaannol  pana>n»nt  Manats  have  been  evaluated 
fop  at ability  under  various  operating  conditions.  Tba 
magneto  sbouvd  a remarkable  flux  oonstanoy  over  a wide 
temperature  ruga  aftar  stabilisation  at  low  temperatures 
There  is  bom  deoreaae  in  magnetic  flux  danslty  at  tba 
low  tanparatura;  tba  exact;  flux  loss  being  dapandant  on  tba 
temperature  of  atabilisatior«  Because  of  their  bigb  coer- 
cive foroe,  tba  nagneta  are  axtranaly  atabla  magnetically 
to  shook,  vibration,  centrifugal  force  and  stray  magnetic 
fields,  Exoept  for  a tends nay  to  chip,  bismanol  magnets 
are  sufficiently  atrong  pbysioally  for  most  applications. 

Unprotected  bismanol  magnets  corrode  slightly  at  ordinary 
temperatures  end  humidity,  and  more  rapidly  at  95  per  cent 
humidity.  Magnets  with  applied  protective  ooitiqga  remained 
stable  at  room  temperatures  and  moderate  humidities  for  the 
six-month  teat  period. 

The  processing  techniques  of  bismanol  magnets  have  been 
improved  by  eliminating  magnetic  separation*  The  new  tech- 
nique consists  of  the  aeparatlc..^  of  excess  bismuth  from  the 
melt  by  hot-prensing  prior  to  pulverisation.  Since  toe 
publication  of  the  previous  repor» , (liavurd  2440)  bismanol 
magnet  a have  been  mode  with  energy  products  up  to 

5.3  x 10®  gauss-oersteds  * Present  maximum  value  for  the  [ 

coercive  foroe  (Bo)  is  now  3650  oersteds  and  4dOO  gauss 
for  the  residual  flux  density  (hr).  Various  typea  of 
pulverising  equipment  were  also  evaluated  with  respect  to 
the  magnetic  properties  of  too  resulting  compacts.  The 
methods  of  determining  percentage  purity  (MnBi  content) , 
alignment  and  effective  particle  size  In  biamanol  magnets 
ere  dlaouaaed. 
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Tlie  subject  investigation  of  blamanol  permanent  magnets  was 
undertaken  aa  part  of  tha  broad  program  of  tne  development 
of  new  and  Improved  magnetic  materials , Task  MoL-Re4a-5fe-l«53c 
MA/CRu  Report  24<»0  dated  May  20.  1952  deaoi-lbed  previous  progress 
in  tne  preparation  of  blamanol  permanent  aiagnets  from  powdered 
manganese  blenuthide - 
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BISMANOL  PLRHAKbR  MAGHLT8,  t.  VALUATION  AND  PROCESS!  W> 


IWHODJ  A'lok 

1.  l'hle  report  covers  six  months  progress  in  the  develop- 
ment of  bienenol  permanent  magneto  elnoe  the  publication 
of  NavOrd  Report  2440*  dated  May  20#  1952*  The  f irst  part 
of  this  report  ooneeras  itself  with  tne  evaluation  of 
blemanol  magnate  under  varioue  operating  conditions  such 
as#  temperature,  snook#  vibration#  centrifugal  force# 
humidity  and  salt  spray.  The  eeoond  part  describee  contin- 
uing progress  in  the  improvement  of  blemanol  processing 
techniques • 


L VALUATION 


TiWPRRATURIi  CHARACTERISTICS 

2.  The  dependence  of  the  high  intrinsic  ooereive  force 
(Hoi)  on  e high  value  of  the  crystal  anisotropy  oonstsxt 
(Hi)  was  first  established  by  uulllaud*  in  hie  study  of 
powdered  manganese  blsmuthlde.  He  also  showed  tnat  in 
MnBl,  the  value  for  t.iis  anisotropy  energy  decreased  with 
the  lowering  of  temperature#  and  at  04°K  would  be  aero. 

This  effeot  is  due  to  an  inversion  of  the  "easy"  and 
"hard"  directions  of  magnetisation  along  the  crystal  axes 
of  hexagonal  MnBl.  Because  of  tne  decrease  In  the  aniso- 
tropy energy#  It  la  apparent  that  tne  ooereive  force  value 
will  be  leas  at  low  temperatures  tuan  at  room  t amp ara turn  * 
The  effeot  of  low  temperature  on  blsmanol  magnets  in  an 
open  olrouit  la  shown  In  figure  la.  It  snould  be  noted# 
in  this  open  circuit#  that  although  at  -5&°C  there  is  a 

58  percent  loas  In  flux  density#  the  magneto  become  quite 
stabilised  over  a wide  temperature  range.  However#  in 
a closed  circuit  there  is  no  loss  in  induction  elnoe  the 
lower  temperature  reduces  only  the  oocrolve  force.  nven 
at  -pO°C,  as  shown  in  figure  lb#  tne  ooereive  force  of 
the  magnet  la  still  quite  high#  X.e.#  1600  oersteds.  In 
tne  use  of  blsmanol  permanent  magnets#  t us  ref  ore#  the 
olrouit  should  be  assigned  for  sne  flux  density  available 
at  the  operating  temperature  . 

VIBRATION 

3.  Blsmanol  magnets  were  vibrated  at  frequencies  ol  50*  100 
and  500  oyoles  per  aeo,  for  periods  of  one-half  to  an  hour 


l 
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Fl«. I-  TEMPERATURE  CHARACTERISTICS  OF  BISMANOL 
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at  room  temperature , 71°C  and  minus  54°C.  No  change  in 
magnetic  or  physical  pro  pert  lea  was  notlosd  except  those 
due  to  temperature. 

SHDGIL 

4*  The  ebook  testa  performed  on  bismanol  wag  nets  were  aot- 
ually  drop  tests.  Table  1 euamarlses  the  results  of  tnese 
tests.  As  seen  froa  Table  1.  the  nagnetlo  properties  of 
bisnanol  aagneta  are  not  affeoted  by  shook  exoept  by  actual 
physical  danage  to  the  magnet.  This  la  what  one  would 
expeot  from  magnets  prepared  from  high  anisotropy  materials. 

CEKFRIFUGE  TESTS 

5.  Bismanol  magnets  were  attached  to  a shaft  with  a steel 
band  around  their  periphery.  The  whole  assembly  waa  rotated 
until  they  broke.  The  calculated  maximum  acceleration  at 
their  outer  radiue  was  found  to  be  l43f000  U'e  at  the  time 
of  fracture.  Thia  severe  teat  suggests  their  possible  use 
ae  rotors  in  generator  aaaarablles. 

ROOM  STABILITY 

6.  The  magnet  a have  been  found  to  be  stable,  at  room  tem- 
perature (73°  » 10°P)  with  a relative  humidity  not  exceed- 
ing 70  percent 7 for  bne  six-month  period  measured,  however » 
unprotected  biamauol  magnets  which  received  excessive  hand- 
ling became  chipped  along  the  edges  and  corroded  at  the 
exposed  portions.  Thia  la  a result  of  damage  to  the  thin 
protective  coating  of  bismuth  present-  after  hot-preasing. 

HI  OH  HUMIDITY  STABILITY 

7.  Bismanol  magnets  exposed  to  relative  humidities  of  95 
percent  or  greater  tend  to  corrode  rapidly  (72  hrs>  with 
some  loss  in  their  magnetic  properties.  Magnets  protected 
by  external  coatings*  such  as  nickel,  nadmi.ua  and'  sine 
plating*  remain  stable  for  somewhat  lon&ar  periods  (l-u 
weeks).  Thia  problem  has  not  been  satisfactorily  solved 
at  thia  tlmso  but  preliminary  experiments  nave  shown  that 
ae id-dipping  puts  on  a protective  coating  of  a bismuth 
aalt.  Evaluation  studies  of  thia  typa  of  coating  are 
currently  incomplete. 

S A,w  SPRAY  STABILITY 

5.  Biemanol  magnets  subjected  to  standard  iiSTM  Salt  i'Dray 
teats  for  over  130  hours „ exhibit  only  superficial  corre.-aion 


RtSULTS  OP  SHOGtL  TL3T3  OP  riiaJWHOL  MAUNbXS 
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Pot  available  duo  to  lack  of  calibration 

Mounted  in  plastic  block;  all  other*  jeagnetioally  attached 
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without  oz^r  less  of  thair  original  — g— tlo  properties. 
Appinatlj,  * stable  ooatlng  of  bismuth  oxychloride  ppennti 
further  corrosion*  This  phono— non  la  now  being  examined 
so  s possible  protective  ooating  for  blsaanol  mag— ts  • 

STRAY  MMUfeXIC  PIKLDB 

9.  Because  of  the  high  oosrolvo  faros  of  blame— 1 meg— ts, 
extra—  ly  high  sooldonbsl  fields  would  bo  nooossorj  to  offset 
tbs  stsbilltj  of  too  meg— ts.  exposure  of  tbs  — g— ts  to  o 
General  Uootrlo  —meg— tlsing  Coll  Unit  at  Its  full  capacity 
of  approxi— tely  800  osrstsds  snowed  no  change  in  their  flux 
density* 


PROCtaamO  T^MTamai 
HCUCHMBIP  OP  TflL  ALLOY 

10.  In  ordsr  to  preps—  s meg— t with  the  highest  rensnenoe 
(Br),  it  Is  essential  to  prepare  an  alloy  with  the  highest 
percentage  of  the  magnetic  phase,  manganese  blsauthids. 

31  noe  the  amount  of  Mnfii  in  a —It  la  limited  by  Its  pari- 
t so  tic  nature*  all  attempts  to  Increase  the  purity  —re  made 
after  the  preparation  of  the  —It*  The  purification  was 
eoooeipliahsd  by  o—  of  two  methods: 

Method  (A):  This  method,  previously  described  in  JUVORI) 

Report  244 «»  oonslets  of  the  aeperatlon  of  the  nag— tin 
and  non-mag— tlo  portion  by  —ana  of  a magnetic  separator 
after  pulverisation* 

Method  ( B)  r In  this  new  prooeas,  the  excess  bismuth  . in  the 
Impure  malt  la  squeesed  out  by  hot  pressing,  before  pulveri- 
aation,  at  25  tsl  at  350°C  in  a loo—  fitting  die.  Adoption 
of  Method  (B)  has  considerably  speeded  up  the  processing  of 
blame— 1 meg— ts  by  ellmi— tlxqg  the  slower  prooeas  of 
mag— tlo  separation* 

PlT  .VkRr/ATTns 

11*  It  has  bean  previously  anown  by  Guillaud-1-  that  by 
reducing  toe  part  10 is  sise  of  MrBl  to  about  3 micro— * o— 
can  obtain  an  intrinsic  coercive  foroe  (hcil  ac  high  ac 
12*000  oersteds*  In  order  to  increase  the  coercive  foroe 
of  blame— 1 mag— ts,  various  methods  of  grinding  were  eval- 
uated , Table  II  chows  typical  mag— tlo  data  on  blsmanol 
nag— ta  compacted  from  MnBl  powder  pulverised  by  various 
—a—. 
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GRIND  I IE  AND  MbLT  A VALUATION  DATA 
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12.  It  la  apparent  trim  T*>le  IX  that  aoat  biamanol  magnets 
with  the  highest  (Re)  values  have  a corresponding  lower  (Sr) 
values  Conversely f Magnate  with  a high  (Br  J show  a lower 
(Bo)  value.  Because  of  the  large  lumber  of  varlablee  Involved, 
oonfllotlag  data  makes  It  impossible  to  determine  the  exeat 
explanation.  However.  It  la  known  that  finer  pertiolee 
have  a larger  surfaee  area,  increasing  their  tendenoy  to 
oxidise,  thus  decreasing  the  purity.  Small  particles  ere 
also  norm  difficult  to  align  daring  pressing  because  of  their 
lower  magnetic  moment. 

13 0 Of  the  various  grinding  equipment  evaluated. ‘a  high 
speed  n mill  of  tne  "Mlkropulverlser"  type  has  proven 
the  most  satisfactory  from  a practical  standpoint.  Wet 
oollold  milling  yielded  Mntil  powder  of  extremely  eaiall 
pertlole  else,  but  the  decrease  in  (hr)  values  reduced  the 
maximum  energy  product  values.  (Table  11). 

14.  Powders  ground  from  melts  of  Method  (a)  gave  higher 
ooerolve  force  values,  because  tne  effective  particle  else 
is  smeller  tnan  their  apparent  else  due  to  tne  associated 
bismuth  of  the  particles . Pulverisation  of  Method  (B)  melts 
yielded  powders  requiring  no  magnetic  separation.  However, 
more  efficient  grinding  was  usually  necessary  to  reduce  the 
partiole  else  smell  enough  to  obtain  higher  coercive  force 
values. 

1 5.  It  has  been  pointed  out  by  Rosellts2  that  the  greatest 
Improvement  in  (BH)  max  values  for  magnate  where  (Ro)  » 0.45 
x Br  oomee  from  increasing  the  value  for  (Br).  This  is  a 
oonsequenoe  of  the  geometry  of  the  demagnetisation  curve. 

For  magnets  where  (do)2^(Br).  this  curve  must  be  a straight 
line  with  a elope  approaching  unity.  For  a high  ooerolve 
magnet,  such  as  biamanol.  it  is  impossible  to  nave  a fuller 
demagnetisation  curve,  otherwise  the  B-h  curve  would  show 
that  the  magnetisation  would  rise  with  a decreasing  field. 
This,  of  oourae.  is  not  possible.  Figure  2 shows  a typleal 
normal  and  intrinsic  by  at  ere  ala  loop  for  a biamanol  magnet. 

P ARTICLE!  afrflu 

16.  The  quantitative  determination  of  the  average  pertlole 
else  end  dintrlbution  range  of  rinbl  powder  has  not  been  made. 
It  would  be  desirable  tc  have  such  date  but  duu  to  tne  large 
number  of  parameters  involved,  only  e qualitative  study  wee 
made.  Figures  3 end  4 are  pho tool oro graphs  of  MnRi  powder 
pulverised  by  various  attrition  mills,  axoept  for  sample  (b). 
the  partiole  sise  distribution  appears  to  be  unequal,  usually 
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FIG.  3 PHOTOMICROGRAPHS  OF  MnBI  POWDER 
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agglomerated  largo  mag— tie  portiolos  in  a background  of 
extremely  fine  non  ■ignotio  part lo loo.  This  background 
material*  obovn  in  fooua  In  sample  (f )*  may  bo  chiefly 
bismuth  or  o—ll  MnBi  particles  below  domain  also  or  1— uf- 
fiolont  — gnotlo  — oo  to  agglomerate*  A typical  align— at 
of  loose  KdBI  portioloo  into  agglomerated  obalno  with  aqal- 
dlaUrt  opaoing  lo  shown  In  sample  (e). 

17*  The  reoulto  of  portlolo  oleo  satins tlono  by  surf— o 
area  dstemL— tlo— * —do  by  the  flffl  nitrogen  adsorption 
nottaod  are  obown  In  Table  II*  The  values  appear  much  lower 
than  those  observed  by  other  net  bo  do*  This  in  part  nay  bo 
due  to  the  presence  of  extro—  ly  fine  particles  In  an  abnormal 
p article  distribution  curve  or  errors  in  the  BBS  — tbod 
dependent  on  the  knowledge  of  the  exact  value  for  the  nitrogen 
adsorption  coefficient  of  MnBi. 

18.  A seml-quantltatlve  examination  of  a typioal  o ample  of 
MnBi  powder  with  an  eleotron  microscope*  oho—  a few  a— 11 
round  particles  ranging  in  aise  from  0*1  - 0.5  microns  and 
a few  cubic  twin  crystals  from  0*2  - 0.3  microns  in  diameter. 
The  bulk  of  the  powder  consists  of  irregular  crystal  fragments 
end  o lusters  ranging  in  ala#  from  0*1  - 10  microns* 

19*  Because  of  the  various  discrepancies  in  the  particle 
el—  determinations*  the  —tbod  finally  adopted  consisted  of 
directly  compering  the  intrinsic  ooerolve  force  of  hiamanol 
mag— ts  (compacted  under  standard  conditio—)  with  the  curve 
of  particle  also  versus  coercive  force  as  axperl— ntally 
detansi— d by  (tulllandr.  Assuming  that  these  measurements 
were  oorreot  this  gives  an  approximate  value  of  the  effective 
particle  aise* 

COMPACTION 

20.  The  dependence  of  the  mag— tlo  properties  of  blaiasnol 
meg— ts  on  the  compacting  pressure*  temperature  and  the 
strength  of  the  aligning  field  was  established  early*  It 
was  determined  that  the  opt  liens  compacting  pressure  at  3°0°0 
with  an  aligning  field  of  10*000  - 12*000  oersteds  was  6*000  - 
10*000  pal*  A lower  compacting  pressure  gives  a lower  density 
with  slightly  higher  (Ho)  and  lower  (Br)  values.  However* 

— previously  shown*  for  high  (Bo)  mag— ts*  such  as  bismano  1* 
a higher  (Br)  value  is  more  important  for  a high 


• Determined  by  the  Rational  Bureau  of  Standards 
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an argy  produo t.  The  frsapsrature  of  pressing  can  vary  between 
300  - 3 2S®0.  Higher  temperatures  tend  to  sinter  the  part io  1m 
tbui  reducing  the  (Bo)  value.  For  this  reason.  such  a com- 
bination of  prooouro  and  temperature  was  experimentally 
determined  to  prodaoo  aagneta  of  optlaua  density.  (Br).  and 
(Bo). 


21.  The  dle-body  material  la  which  tho  magnets  a re  compacted 
anot  bo  of  aon-wagnetlo  mgterlal.  Manganese-brooms, 
berylllua-oopper  and  aaatonltlo  stainless  atool  alloys  vara 
found  to  bo  preferable.  la  tho  aaaa  order.  Tbs  Inal  da  of 
tho  dls  waa  platad  with  o hrcad.ua  la  order  to  proitBb  tho 
adherence  of  binuth  to  the  walla.  The  raaa  ware  ooaatruoted 
of  ohroal  \m  plated  hardened  oarboa  steel.  Ferro-magnetic 
raaa  were  uaed  la  order  to  ooaoeatrate  the  aligning  field 
aad  olose  the  aagnetlo  olroult.  This  la  llluatratsd  la 
Figure  5*  The  filling  factor  for  compaction  la  the  die  waa 
approximately  $ to  1.  varying  somewhat  with  the  apparent 
denalty  of  tho  JtaBl  powder.  Blaaanol  aagneta  alaoat  2. 
inches  la  disaster  with  (BH)  aax  values  up  to  $ 3 x 10®  have 
been  ooapaoted  using  the  techniques  described.  (Table  XI). 
Magnets  ooapaoted  in  dies,  where  the  preMlag  direction  la 
perpendicular  to  tho  applied  field,  did  not  improve  the 
quality  of  aagneta. 


BtHflOIX  AI-Tflny,  pT  PiniTTT  aMD  flgBMttt  PARTICLE  SIZE 


22.  In  order  to  dstaxalas  tbs  degree  of  particle  alignment 
and  peroaat  purity,  it  la  aaoeMary  to  know  tbs  saturation 
magnetisation  (CT)a  per  graa.  This  value  la  obtained  By 
aeaaurlng  end  plotting  (B)va  (H)  at  (H)  values  froa  7*000 
to  14.000  oersteds.  Then  the  value  of  (B-H)  la  found  for 
each  point  and  (B-H)  va  (B)  la  plotted.  Tb  . value  (B-U) a 
can  than  be  estimated  by  estimating  the  poXct  where  this  curve 
la  flattening  out  or  by  actually  subtracting  (H«)  from  the 
(B)aax  value.  Froa  the  relation  (B  * U e 47ft),  (Xa)  la 
equal  to  (B-H) a • Sines  (Xa)  la  the  saturation  magnetisation 


W,;,  , 

par  oo.  to  obtain  \0~)u  per 
l la)  by  the  densityjera 


it  la  necessary  to  divide 


23.  According  to  Qulllaud^.  pure  Mntti  snould  have  a 
aagnetlo  aoasnt  per  gramc?"*  * 66  at  rooa  taaparaturec 
Therefore,  the  ratio  between  the  two  values  determines  the 
fraction  of  MnBl  In  biavanol  aagneta. 
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H AN  ALIGING  FIELD 
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24.*  The  ratio  tetwra  (B-B)  at  (B)  ■ 0 and  (Ml)a  gim 
the  fraction  of  the  elensutary  HnBl  domains  aligned  in  the 
prafamU  direction  of  aagnetlatttios.  because  for  100  pop 
oont  align— nt  tno  (B-H'  surra  would  bo  a straight  line 
fpoa  U)  ■ 0 to  (H)  ■ sat. 

' 25*  Tbo  (B-B)  ourro  fa  drawn  down  far  enough  to  Intercept 

the  (M)  axis  giving  tbo  lntriaalo  ooorolro  foroa  (Hoi).  As 
previously  atatedf  a comparison  of  tnia  (Bel)  ralua  with 
the  ourro  ataowing  tbo  dependence  of  tbo  ooorolro  foroa  on 
particle  alee  aa  deternined  by  Ouillaud1  giro'  an  approxl - 
■ate  raluo  of  tbo  effeotlro  particle  alee  ir  the  pressed 
aagnets.  fable  XX  shows  values  for  alignment,  purity  and 
effeotlro  particle  also  on  sons  blonanol  magnets. 

- SSS3UBW 

. 26.  Blsnenol  nagneta,  after  low  temperature  stabilisation, 

exhibit  a nagnetle  flux  constancy  over  a wide  teaperature 
range  with  some  loss  in  original  available  energy. 

# 27.  Tbo  aagnets  'fere  found  to  be  extreoely  stable  aagnat- 

loailj  to  abode,  vibration,  centrifugal  force  and  stray 
nagnetle  fields. 

28.  Tbo  application  of  same  protective  coating  la  indicated 
to  prevent  corrosion  In  stnoapberaa  of  high  relative 
tanldttyo 

29.  By  squeezing  out  excess  bianutb  froa  the  blsnuth-rloh 
aelt  prior  to  pulverisation,  the  slower  procedure  of  nagnetle 
separation  baa  been  ellainated. 

30.  A high  speed  beaaar  alll  of  the  "Hikropul— riser”  type 
wee  found  to  be  the  moat  satisfactory  of  the  various  types 
of  attrition  all  la  evaluated. 

31.  Biaauuaol  aagnets  up  to  2 inches  in  diameter  here  been 
compacted  with  various  thicknesses . Such  aagnets  are  ideally 
suited  to  applications  requiring  high  aagnstio  flux  density, 
e.g.,  loudspeakers. 

^KMQUrfKPfikMB}gl» 

32.  Acknowledgement  is  made  to  the  Technical  Evaluation 
Department,  especially  J.  T.  Laid),  for  conducting  the 

**  evaluation  studies  on  blaaanol.  Work  on  the  improvement 

of  prooeeaing  techniques  was  conducted  by  A.  M.  Syelea 


14 


M VttRD  Raporfc  2686 

ud  V.  SlUkMB*  Tha  daralopswnfc  of  taobniquaa  for  •lietvo* 
plating  ■ataHio  oertiap  on  blmaol  n^arti  was  dona  bp 
J.  QUfrlob..  tha  aagnatlo  data  bn  tha  nagnsta  vu  obtalntd 
bp  M.  Paonak  and  tfra.  <*•  Karol  undar  tno  diraotlon  of 
D«  X.  Gordon.  Sorfaoa  araa  dataralaatlona  of  MnBl  powdar 
dad  alootron  photoal orograph  atodiaa  wara  aada  by  C.  M«  Boat 
aad  Hue  Swardlow  of  ttaa  flatloaal  Buraaa  of  St9<*darda« 
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